ABSTRACT The major protein extracted from amyloid deposits induced in mice by injection of either Candida albicans cells or sodium caseinate was found to have chromatographic ind electrophoretic properties and an amino-acid composition characteristic of the AA class of amyloid proteins. The homology of the mouse protein with protein AA from man and monkey was established by determination of the sequence of the first 28 amino-acid residues.
those studying the origin of amyloid substance. Not surprisingly, in view of the small size of the organs involved, chemical studies of murine amyloidosis have not kept pace with those of other species. We present evidence that the major extractable protein of the amyloid substance induced in mice by the injection of Candida albicans is homologous in the NH2-terminal region with nonimmunoglobulin amyloid proteins previously found in tissues of men, monkeys, and ducks (2) and recently assigned the name protein AA (3) . Further, a protein extracted from livers of mice with caseininduced amyloidosis, although it was not subjected to sequence analysis, has been found to possess characteristic properties of protein AA.
MATERIALS AND METHODS
Amyloid Tissue. C57BL/Ks mice in which amyloidosis had been induced by injection of viable cells of the fungus Candida albicans (4) were the prime source of the amyloid protein described here. The presence of amyloid deposits in the liver and spleen was confirmed by the characteristic yellow-green dichroism of formalin-fixed sections stained with Congo red and examined with polarized light. Unfixed tissue was collected and stored at -20°until used.
Supplementary data were obtained by investigation of livers from C3H mice in which amyloidosis had been induced Abbreviation: NaDodSO4, sodium dodecyl sulfate. * 
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by repeated subcutaneous injections of a sodium caseinate solution.
Isolation and Fractionation of Amyloid Substance. Preparations rich in the fibrillar material characteristic of native amyloid substance were obtained from pooled, homogenized, saline-washed tissue specimens (approximately 1-2 g at a time) by serial extraction with water (5) and pelleting of the aqueous extracts at 105 X g, as previously described (6) . The presence of additional amyloid substance in the tissue after four successive extractions with water was revealed by qualitative Congo red-bipding tests in 10-3 M Na2B407 (6) . Although the 105 X g (fibril-rich) pellet was a more concentrated source of the major amyloid protein than was the water-washed residual tissue, the latter contained a greater total amount, so both of these fractions were used as starting materials for the extraction of the major amyloid protein.
Lyophilized fibril-rich pellet or water-washed residual tissue was extracted (10-20 mg/ml) with 6 M urea-0.2 M NaCl, adjusted to pH 3.0 with formic acid. The centrifuged extract (25,000 X g for 30 min) was passed upwards at room temperature (about 250) through a 2.5 X 91 cm column of Sephadex G-100 in the acid-urea-NaCl solvent. Effluent fractions containing the principal protein constituent, identified by absorbance at 278 nm, were pooled in dialysis tubing with a 3500-dalton cutoff (Spectrapor no. 3 Acid-urea gel electrophoresis of liver and spleen fractions from C. albicans-treated mice is illustrated in Fig. 2 . Prominent in each pattern is a doublet consisting of a major, fast band and a minor, slow band, which have approximately the same migratory positions and relative staining intensities whether the sample came from fibril-rich pellet or waterwashed residue from either liver or spleen. An essentially identical doublet appeared in both fractions derived from livers of casein-treated mice and also in the principal chromatographic component of extracts of amyloid substance induced by either treatment (Fig. 3) .
Molecular weight estimates carried out in NaDodSO4-acrylamide gel gave values of 8700 and 9700, respectively, for the major and minor bands in the chromatographically isolated protein from each mouse source. The standards used were monkey protein AA, molecular weight 8621 (11) , and horse-heart cytochrome c, molecular weight 12, 384 (12) . NaDodSO4-gel electrophoresis resolved, in addition, a second minor component (molecular weight approximately 10,300) in preparations derived from the C. albicans-treated mice. The migration of these bands in NaDodSO4 gels was not altered when the reducing agent, dithiothreitol, was omitted from the sample preparations.
The amino-acid compositions of the major chromatographic component derived from amyloid substance induced by the two methods of treatment are almost identical (Table 1) ; the amino-acid residues are grouped according to similar side-chain functions to facilitate comparison with protein AA derived from human, monkey, and duck tissues (2) . Although cystine was not detected in the mouse protein preparations, some cysteic acid was detected after performic acid oxidation (13) of a sample from C. albicans-treated mice. The amount found, less than 0.5 mole/mole of protein assumed to contain 80 amino-acid residues, suggests contamination by a cystine-containing protein.
The amino-acid sequence of the mouse protein was determined through the first 28 residues. The initial determination was made on a sample of the principal chromatographic component of amyloid substance in water-washed liver resi- firmed by analysis of a similarly derived sample from the fibril-rich pellet of liver from the same source. In Fig. 4 NH2-terminal residues may be blocked. The blockage could exist in some of the molecules at the NH2-terminal glycine or at the NH2-terminus of a possible precursor. Susceptibili- ty to proteolysis at the appropriate location(s) could generate the observed NH2-terminal heterogeneity (glycine and isoleucine in the approximate mole ratio 95:5); there is already evidence for such heterogeneity in preparations of human and monkey protein AA (14) . The presence of free NH2-terminal amino groups in identical NH2-terminal regions of components having a higher molecular weight than that of the major component (molecular weight 8700) would also contribute to the recovery of less than the expected number of such groups. The yield might be reduced further by the presence of nonidentical sequences with blocked NH2-terminal residues. Nonidentical sequences with free NH2-terminal residues may be disregarded since none was found.
The molecular heterogeneity suggested by the NH2-terminal amino-acid analysis is compatible with the observed presence of an electrophoretic doublet. One of the components, most likely the major, fast band, must represent protein AA; the other band might then be a species with a blocked NH2-terminus. The relative amount of the minor component indicated by its staining intensity is of sufficient magnitude that any pronounced differences in amino-acid composition between the two components would be expected to cause their actually determined, aggregate composition to deviate from the functionally grouped amino-acid composition characteristic of protein AA derived from other species; in fact, the mouse protein is almost identical with the human and monkey proteins in this respect (2) . Although similarity or even identity of amino-acid compositions is no guarantee of sequence homology, this indirect evidence that the two components have similar amino-acid compositions, and their appearance in about the same ratio in both fibrilrich pellet and water-washed residual tissue from both liver and spleen, strengthen the supposition that they may have closely related chemical structures. The constancy of the NaDodSO4-gel electrophoretic patterns regardless of the presence of a reducing agent shows that the cysteic acid found in an oxidized sample of the mouse protein is not attributable to disulfide linkages in the prominent electrophoretic bands; the small amount of supposed half-cystine could be a constituent of trace contaminants.
One of the two bands seen in acid-urea-gel electrophoresis of the amyloid protein from the C. albicans-treated mice apparently masks or overlaps an additional component, of similar charge density, which is resolved as a component of higher molecular weight by NaDodSO4-gel electrophoresis. The protein from the casein-treated mice lacks this third component.
The derivation of protein AA from precursors of higher molecular weight, or possibly its tendency to associate with 20 amino-acid residues has been derived from human serum (19) .
Protein AA, identified by sequence analysis of at least the first 28 residues, has been isolated in our laboratories from tissues of man, monkey, duck**, and mouse. A homologous protein has been obtained by Skinner et al. (20) from guinea pigs in which amyloidosis was induced by injections of sodium caseinate. An amyloid protein of immunoglobulin origin (21) has not yet been identified in any species other than man. The claim for identity between the NH2-terminal regions of a spontaneously occurring mouse amyloid protein and the variable portion of a mouse immunoglobulin lambda light chain (ref. 22 , addendum) has not been substantiated by a published sequence. With the exception of the presence of an NH2-terminal pyrrolidone-carboxylic acid and the peculiar lack of methionine, the amino-acid composition of the putative immunoglobulin amyloid protein, rather than resembling that of an NH2-terminal fragment of a mouse immunoglobulin lambda light chain (23) , closely resembles that of protein AA (2) .
